Across the world, high levels of fluoride in potable water and natural resources have been recognized as potential health hazard. An estimated 66.62 million people in India alone are at risk facing fluorosis due to high water-borne fluoride concentrations. The Indian state of Gujarat on the west coast has at least 24 districts with high fluoride content in their water resources.\[[@ref1]\] Fluoride in excess amounts cause several ailments viz, metabolic disturbances, endocrine dysfunctions and physiological alterations in the body.\[[@ref2]\] Chronic exposure to fluoride results in hyperglycemia besides development of classical symptoms of fluorosis, indicating the diabetogenic effect of fluoride as fluoride is known to inhibit the key enzymes involved in glycolysis and TCA cycle.\[[@ref3]--[@ref7]\] A recent study also indicated that an exposure to fluoride lowers insulin secretion and that it could be one of the reasons for increased blood glucose levels in fluoride intoxicated animals.\[[@ref8]\] Long term exposure to fluoride causes hepatic damage in terms of significant increases in the activities of serum glutamate oxalate-, glutamate pyruvate-, serum aspartate- and serum alanine transaminases.\[[@ref9][@ref10]\] Further, fluoride consumption in the early developmental stages was shown to enhance oxidative stress in blood and decrease the liver antioxidant profiles.\[[@ref11][@ref12]\] Other than defluoridation techniques, there are no viable options to reduce fluoride content from water. Defluoridation techniques are not always feasible in underprivileged communities in endemic areas throughout the world. Thus, it becomes necessary to search for a renewable and affordable alternative/s, which can be suggested and propagated in the areas of endemic fluorosis. In this regard, certain nutrients have been shown to be useful as remedial measures to tackle fluoride toxicity. These include protein, calcium, vitamin C, vitamin E, and other antioxidants.\[[@ref2][@ref13]\] Herbal or natural products are being increasingly investigated for their role in reducing the effects of fluoride toxicity.\[[@ref14]--[@ref25]\] The present investigation is an effort in this direction and deals with the antihyperglycemic, hepato- and renal protective effects of E. officinalis in fluoride induced toxicity in laboratory rats.

*Emblica officinalis* G., (F: Euphorbiaceae; common name: Amla) fruit is reported to possess hypoglycemic, hypolipidemic, hepatoprotective, anti-cancerous, anti-microbial, anti-inflammatory, anti-pyretic and analgesic activities.\[[@ref26]\] Although the effects of aqueous extracts of fruit of *Emblica officinalis* in combination with Tamarindus indicus fruit pulp have been recently reported,\[[@ref27]\] the potential effects of amla fruit powder as a dietary supplement in fluoride toxicity has not been investigated. The present work was aimed at (i) evaluating the antihyperglycemic properties and (ii) determining the hepato-renal protective effects of E. officinalis fruit as a dietary supplement in fluoride induced toxicity in laboratory albino rats.

Materials and Methods {#sec1-1}
=====================

*Emblica officinalis* fruit powder preparation and analysis {#sec2-1}
-----------------------------------------------------------

*Emblica officinalis* fruits were purchased from the local market and authenticated by our faculty taxonomist Dr. A. S. Reddy, and voucher specimen was retained in the departmental herbarium (RAV \# 01). The pulp was extracted, air dried, ground to powder and stored in an air tight container. A quantitative phytochemical analysis for phytosterols, saponins, polyphenols, flavanoids, total ascorbic acid and fiber was carried out using standard methods.\[[@ref28]--[@ref31]\]

Animals {#sec2-2}
-------

Colony bred adult male albino rats (Charles Foster; 200 - 250 gm bw) were provided standard diet (Pranav Agro Industries, Vadodara, India), water ad libitum and were housed individually in well-ventilated animal unit (26±2°C, humidity 62%, and 12-h light/dark cycle). The care and procedure for the present experiment were in accordance with Institutional Animal Ethics Committee (MoEF/CPCSEA/Reg.337).

Experimental design {#sec2-3}
-------------------

After 10-day adaptation period, 30 animals were randomly segregated into 5 groups of 6 animals each: Normal control (NC)- normal animals without any treatment; Fluoride control (FC)- 100 ppm sodium fluoride (NaF) through drinking water; FEo 2.5 - 100 ppm NaF exposed animals administered with 2.5 gm % Eo fruit powder in diet; FEo 5.0 - 100 ppm NaF exposed animals administered with 5 gm % Eo fruit powder in diet; FEo 10.0 - 100 ppm NaF exposed animals administered with 10 gm % Eo fruit powder in diet. The composition of the diet for experimental animals is given in [Table 1](#T1){ref-type="table"}.

###### 

Composition of the experimental diet (gm %)
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At the end of the 4 week period, animals were fasted overnight and sacrificed under mild ether anesthesia. Blood was collected by cardiac puncture, and plasma was separated by centrifugation. Liver and kidney tissues were excised, and both plasma and tissues were kept frozen until analyzed.

Biochemical analysis {#sec2-4}
--------------------

Plasma glucose levels were measured by standard kits (Eve\'s Inn Diagnostics, India). Hepatic glycogen was extracted with 30% potassium hydroxide, and the yield was determined by anthrone-sulfuric acid method.\[[@ref32]\] The hepatic hexokinase (EC 2.7.1.1) and glucose-6-phosphatase (EC 3.1.3.9) activities were determined using the methods of Brandstrup *et al*., (1957) and Baginsky *et al*. (1974), respectively.\[[@ref33][@ref34]\]

Serum glutamate oxalocetate (SGOT) and pyruvate (SGPT) transaminases, acid and alkaline phosphatases (ACP, ALP) levels were determined using standard kits (Eve\'s Inn Diagnostics, Baroda, India).

Catalase (CAT; EC 1.11.1.6) and superoxide dismutase (SOD; EC 1.15.1.1) were measured according to the methods of Aebi (1974) and Kakkar *et al*., (1984), respectively.\[[@ref35][@ref36]\] Total ascorbic acid (TAA) was estimated using 2, 4-dinitrophenyl hydrazine reagent.\[[@ref31]\] Glutathione peroxidase (GPx; EC 1.11.1.9) and reduced glutathione (GSH) were analyzed by the methods of Flohe and Gunzler (1984) and Jollow *et al*. (1974), respectively.\[[@ref37][@ref38]\]

Data are presented as mean ± SEM. One-way analysis of variance (ANOVA) with Tukey\'s significant difference post hoc test was used to compare differences among groups. Data were statistically handled by Graph Pad Prism 3.0 statistical software. P values \< 0.05 were considered statistically significant.

Results and Discussion {#sec1-3}
======================

The present study provides an evidence for the positive influence of *Emblica officinalis* on body carbohydrate and antioxidant metabolism in fluoride intoxicated animals. The effects of *E. officinalis* in fluoride exposed rats were found to be dose dependent: 10 gm % dose was maximally effective compared to 2.5 and 5.0 gm % doses.

Significant loss in the body and liver weights were observed in fluoride exposed animals with an increase in food intake. Addition of *E. officinalis* fruit powder to the diet increased the body and liver weights (9%, 17%, respectively) with a reduction in food intake (22%) in fluoride exposed animals. The reduction in body weight in fluoride exposed rats could be because of an unavailability of carbohydrate for energy utilization though food intake increased. It is possible that fluoride may have suppressed the hunger centers of central nervous system, resulting in increased food intake without enhancing energy assimilation, prompting a decline in body and liver weights. A reverse phenomenon may have been caused by the Eo fruit powder i.e., *E. officinalis* fruit powder could have regulated the appetite and caused an increase in body and liver weights in fluoride exposed animals \[[Table 2](#T2){ref-type="table"}\].

###### 

Effects of *Emblica officinalis* on food intake, body and liver weights
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Fluoride administration is known to cause hyperglycemia, simulating diabetic conditions.\[[@ref5]--[@ref7]\] In the present context too, a significant increase in plasma glucose levels, hepatic G-6-Pase activity and reduction in hepatic glycogen content and hepatic hexokinase activities were noted. An inclusion of *E. officinalis* fruit powder to the diet of fluoride exposed animals resulted in significantly decreased blood glucose levels and G-6-Pase activity with increased hepatic glycogen content and hexokinase activity \[[Table 3](#T3){ref-type="table"}\]. These observations clearly indicate the potential of *E. officinalis* to counter the effects of possibly lowered levels of insulin in fluoride intoxicated rats. While fluoride exposure significantly increased the SGOT, SGPT, ACP and ALP levels, Eo fruit powder supplementation reversed this trend in a dose-dependent manner, indicating the hepatic restoratory effect of Eo fruit \[[Table 4](#T4){ref-type="table"}\].

###### 

Effects of *Emblica officinalis* on plasma glucose, hepatic glycogen content, hepatic hexokinase and glucose-6- phosphatase
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###### 

Effects of *Emblica officinalis* on the activities of SGOT, SGPT, ACP and ALP
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Chronic fluoride toxicity is reported to enhance the oxidative stress as evidenced by a significant increase in malondialdehyde (MDA) content and a reduction in body antioxidant status.\[[@ref2][@ref7]\] An exposure to fluoride in the present context also resulted in decreased levels of antioxidants - TAA, SOD, CAT, GSH and GPX contents. *E. officinalis* fruit powder addition at 10 gm % dose level exhibited significant increase in TAA, GSH content and SOD, CAT, GPX activities when compared to FC and as well as F Eo 2.5 and F Eo 5 animals \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\].

###### 

Effects of *Emblica officinalis* on hepatic antioxidant profiles
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###### 

Effects of *Emblica officinalis* on renal antioxidant profiles
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The Eo fruit contained 3.2 gm % fiber, 8.65 gm % phytosterol, 0.05 gm % saponins, 19.70 gm % polyphenols, 0.342 gm % flavonoids and 0.425 gm % ascorbic acid content. Thus, the presently observed anti-hyperglycemic, hepato-renal protective and antioxidant effects could be due to additive / individual components' ability as polyphenols, and flavonoids are known to be hepato- and gastro-protective, anti-carcinogenic, ant-idiabetic, ameliorative agents for insulin resistance by protecting pancreatic islet β cells, antioxidative and anti-hyperlipemic in nature.\[[@ref39]--[@ref41]\] Dietary saponins, phytosterols and ascorbic acid play an important role as antihyperglycemic and improve glycemic index, lowering both fasting blood glucose and glycosylated hemoglobin, modulating the insulin\'s action.\[[@ref42]--[@ref44]\]

Thus, results of present study and our earlier report\[[@ref45]\] clearly suggest that the fruits of *E. officinalis* exhibit anti-hyperglycemic, anti-hyperlipemic, anti-peroxidative and antioxidant properties in fluoride exposed animals. It is, therefore, concluded that fruit of *E. officinalis* are useful in regulating fluoride induced hyperglycemia and improve the antioxidant status.
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